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The paper reports on analytical and. numerical methods 
of calculation of the energy and three-dimensional EPS 
characteristics. The angular and lateral functions of elec- 
trons in EPS have been obtained to the Landau and small 
angle approximations A and B and compared with the earlier 
data /I, 2/. A numerical method of solution of cascade equa- 
tions for the EPS distribution function moments has been 
constructed. Considering the equilibrium rms angle as an 
example, we analyse errors appearing when approximating the 
elementary process cross sections by their asymptotic ex- 
pressions. 


1 . Analytical method of solution of a lateral problem 
for BPS i In /3/ . an' analytical method to solve ajolnt 
equations for the electron LDP in EPS has been proposed. 

The method allowed obtaining the accurate moments of LDP 
and the function itself. The energy-integral LDP being rep- 
resented as the Mellin inverse transformation 

NUoVt.-t VU,UH x * uu (1) 

where the structure function can be presented as the 
infinite power series 

p ni C4 jv- p l " > +(p l0 -p w ) +(P U> - p co >". . (2) 

& is written in the form of a linear combination of the 


2 .n. 


Meier G-functions 

A » po- ,v s Z 


e. 






where s is the shower "age parameter, the first 2n-2 lateral 
moments of the function transform, N' n ', identically coin- 
cide with exact function moments. 

Proceeding from the properties of Meier G-functions 
one can determine the asymptotic behaviour of P nz at small 
and large core distances 


l 

y •» •» 






(4) 


2. Asymptotic method of calculation of the EPS lateral- 
angular functions , flhe method proposed consists in reduc- 
ing the solution for angular and lateral functions to a 
(3)-type contour integral based on the known asymptotics 
of the solution and calculation of the latter by a saddle- 
point method. The angular and lateral parts of a cascade 
equation solution in approximation A can be presented in 
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(5) 


) 4X3 


the form / 2 / 2 . 

p < s ^)-4' J-VO”.)™. ('Mii) 7' 

p (’>*)• 5^,- J«/p r f»» i) TO. 

The asymptotics of angular and lateral functions^) at p 
(z*oo) and t »1 reads, respectively 

~ r(3t=+±) (s) 2p (6) 

In the region Rep< 0 (z* 0 ) the energy-* integral angular and la- 
teral distribution functions have the closed singularities 
1 /p+ 1 » 1 /p+s /2 ( 7 ) 

Patching of the two asymptotics for the angular and lateral 
functions yields, respectively: 

fori- (a) 

^he integral in (5) is then represented as a product of sin- 

gularities by some function G(p,s) without singularities in 
the region -s /2 'Rep** 5 ' 0 . 

The function G(p,s) is developed into Taylour series in 
the vicinity of a point p e ^ 

&(^)~ 6 (*.,*)*(*>■ J ( fit,) + . • ( 9 ) 

and a term with the first derivative G(p 0 ) is required to be 
zero. |rom this condition we find a point "p 0 " and calculate 
integrals ( 5 ): 

~ pa# ?e)(a 6 Zof* G 0 fe O * • / Pfr -- 1 0 5 


where 

- / + K(* -*>4 ( 2 <*o h ) *<> ? 6 /kc ^ & a-e ?*)/ 4*’-* + 1 1 ) 

The expression for the angular part of the distribution fun- 
ction at 6 =1 coincides with the Belenky ‘s function/ 1 /. How- 
ever, in the expression for Uo6)in at A*A,(s). In the 

present case , u e C s Hs determined from the condition of coinci- 
dence of first moments of angular distribution function ( 9 ) 
with a point. If the functions are normalized to the first 
moment, an accuracy of the functions obtained from ( 9 ) is 
considerably better, and in the core approximation region 
(z*0) these functions practically coincide. At -s/2*p-0 
C^(p)~ 1 * and the term with second derivative is negligible. 

A parameter for the lateral distribution function, is de- 
termined from a condition of coincidence of the second mo- 
ments with a point and approximation function. In the inte- 
ger points (p=n) the function G(n,s,t) is thought to be known, 
since the lateral function moments in approximation A are 
known. In a wide range of the variable -s/ 2 -p 0 < 3 ,^,(i> < ,)varies 
slightly and a term with G?fe ) can be neglected. T able 2 com- 
pares lateral distribution function (97 with Kamata-Nishimu- 
ra's calculations / 2 /. Within 5 - 10 %, even zero approximati- 
on yields good results. The lateral-angular distributions 
can be similarly constructed in cascade theory approxima- 
tion / 5 /. 


3. Numerical method of solution of cascade theory problems 
for ERG * To solve analytically the neanado thenry pt»nbionig i 
simplified expressions for elementary process cross sect!- 
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ons are used. The influence of these simplifications oh the 
results of calculations is considered for an "equilibrium" 

^ I rms angle .A numerical 

1.3. £AAf&/u/ / \ method of cascade equa- 


,., r LAA/&/U/ ■ ... , 

apppox / mat / oa / I tion solution has been 

f/ reported in /6/. For 

’•*' > / \ showers induced in lead 

X / l 1 and air by a primary 
y y / ' electron, Fig. 1 shows 

LEAD, AIR (A) I the rms angles of elec- 

_ t CL — \ | trons, (see the dash- 

\U ed curves) devided by 
'a | the Landau analytical 

\N /y V expressions /7/ for 

y 1 these magnitudes ( see 

o.e- yf I 1 their table below the 

Iw x /y J figure). The top of 

^ o. 7 . / / Fig.1 presents the va- 

/ / lues of <9| r obtaihed for 

scattering described in 

n* 0,4 ' (o y' ‘ the Landau approxima- 

tes 'f ' % ■ ■ ■ ; ,yo a i°° ■ i »P° . . ■ . ,( n tion, in the standard 

^ 1 — LJ -LLL : _Lu theory approximation A 

and in approximation C 
0t ,.-A 3 U* i« , \ allowing for ionizati- 

Iq^ ' on losses, realistic 

'v, PcAL/sr/c l expressions for brems— 

j ■£%%%%** a&sr 

yc/r I o » n fl . and the Compton effect. 

/6 / £ — °JL V. ... r’. , V. The values of ^ r ob- 

&$/£' 0.2 0.1 0.05 0.02 0.01 tained to Approximation 

* >Vg i" 111 ‘ * ‘ 1 — 1 1 lJ C for air and lead con- 

e * siderably differ from 

those in Approximation A and from each other. At the bottom 
of Fig.1, the curves calculated to Approximation A for scat- 
tering described realistically are shown - the Thomas-Fermi 
equation was taken to present atomic potential, a nucleus 
being considered to be a uniformly charged sphere. By com- 
paring these curves with curves (A) at the figure top a 
physical accuracy of the Landau approximation can be esti- 
mated. On the whole, it can be stated that the differential 
angular characteristics are sensitive to the details Of a 
description of elementary interactions in the energy range, 
where their cross section differs from the asymptotic 
values. 


LEAP, AIR (A) 


t 

///"A 

// 
// L 


— . 1 . 0 - 

vS 0,5 ' 


^ a... 


y AIR <01/ 

50 10 


£, A/eu 


PrAL/rr/c 

&S-SCP/PT/OA/ 
OP S CA TT£ Pf At 6> 


J6/£ 

0.5 

0.2 

0.1 

i * * • 

0.05 

0.02 

*Y £ 

0.2 

■ ■ .... 1 - 

TU — 

0.1 

= r — 1 ■ ■ 

0.05 

L_J It , 

0.02 

■ 1 1 .... 

0.01 

1 


References . 

1. Belenky S.Z. Shower processes in cosmic rays, M. : Gas- 

techlzdat, 1949* 243p. 

2 . Nishimura J.N. Handbuch der Physic, Berlin, Springer 
Yerl . , 1967, 46/2, 1-113. 

3® Roganova T.M., Triphonova S.V. , Proc. 18th IGRC, 1983, 




391 


HE 3.5-13 


5, 32. 

4« Luke J.L. The special functions and their approximations . 
Hew York, 1969. 

5. Ivanenko I.P., Kanevsky B.L. Asymptotic methods of solu- 
tion; of lateral-angular problems in cascade theory (in 
print ) . 

6. Ivanenko I.P., Ivanova E.V., Maximenko V.M. , Sizov V.V. 
Preprint FIAH, 1985. 

7. Landau L.D. JETP, 1940, 10, 1107. 


Table 1 

The ratio of moments of exact and approximate function for 
normalization to the first moment and at 




0.6 


s =i 

5 



1 

1 

0.82 

1 

0.87 

1 

0.95 

2 

0.90 

0.60 

0.92 

0.67 

0.96 

0.83 

3 

0.82 

0.41 

0.87 

0.48 

0.90 

0.60 


Table 2 

The EPS lateral function in cascade theory Approximation A. 
Comparison with the Hishimura-Kamata ' s calculation /2/ for 
the zero approximation, parameter CbJ*)being normalized to 
the second moment 


sM 

0 

0.01 

0.03 

0.1 

0.3 

1.0 

3.0 

0 6 

0,38 

0.33 

0.26 

0.15 

— 

0.04 

0.00006 

v#0 

0.38 

0.34 

0.27 

0.17 

0.05 

0.04 

0.00009 

1 

1.12 

0.91 

0.71 

0.4 

— 

0.017 

0.00050 

1 

1.01 

0.91 

0.70 

0.38 

0.15 

0.019 

0.00065 

1.4 

2.5 

1.8 

1.31 

0.72 

... 

0.038 

0.0016 

2.5 

1.9 

1.35 

0.69 

0.27 

0.041 

0.0019 


0.53 

3.0 

1.9 

0.94 

— 

0.060 

0.0040 


0.54 

2.7 

1.8 

0.99 

0.37 

0.060 

0.0037 



